IMPORTANCE Loading doses of atorvastatin did not show reduction on clinical outcomes in the overall population of patients with acute coronary syndrome (ACS) enrolled in the Statins Evaluation in Coronary Procedures and Revascularization (SECURE-PCI) trial, but a potential benefit was identified in patients who subsequently underwent percutaneous coronary intervention (PCI).
P ercutaneous coronary intervention (PCI) has been associated with a variable incidence of periprocedural myocardial infarction (up to frequencies greater than 10%), which is independently associated with higher subsequent mortality. [1] [2] [3] Previous small trials and systematic reviews that investigated the effect of loading doses of statins before and after PCI have suggested that there may be a reduction in periprocedural myocardial infarction (MI) and in major adverse cardiovascular events (MACE).
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A well-powered study 7 that addressed the effect of loading doses of statin in patients with acute coronary syndrome (ACS) treated with or without PCI did not show clinical benefit in the overall ACS population but did suggest a positive effect in patients undergoing PCI. It is unknown whether timing of a pre-PCI loading dose of atorvastatin was associated with a beneficial treatment effect. Thus, in this prespecified subgroup analysis, our main goal was to evaluate the association between timing of drug administration before PCI and 30-day MACE in patients with ACS undergoing PCI.
Methods

Study Design
The study design was published previously. 7, 8 Briefly, the Statins Evaluation in Coronary Procedures and Revascularization (SECURE-PCI) trial is a randomized, double-blind, multicenter trial that included patients aged 18 years and older with ACS (with or without ST elevation), 7-10 before a planned invasive treatment within 7 days. The study was approved by each site's institutional review board, and all patients provided written informed consent to enter the study. The participants included were randomized to a loading dose of 80 mg of atorvastatin or matching placebo before and 24 hours after a PCI. The timing of the study medication varied according to the type of ACS. For patients with ACS without ST elevation, the pre-PCI dose was administered between 2 and 12 hours before the procedure. For patients with ST-elevation myocardial infarction (STEMI), the loading dose was administered as soon as possible before the primary PCI. In both cases, the second dose of 80-mg atorvastatin or matching placebo was administered 24 hours after the procedure. All patients (regardless of treatment assignment) were to receive 40 mg of atorvastatin daily after the procedure through 30 days, starting on the day after the administration of the second (post-PCI) loading dose of atorvastatin or placebo.
For patients who were randomized, received study medication, but did not undergo PCI within 24 hours, 2 strategies were recommended depending on the final decision regarding coronary intervention. If PCI was only postponed for more than 24 hours, patients received additional loading doses before the procedure and in addition to the dose 24 hours after the procedure. However, if the decision was not to perform PCI, then patients could receive a second dose of atorvastatin, 80 mg, (or placebo) at the discretion of the investigator (it was recommended by the protocol in cases where coronary artery disease was present on the angiogram).
Clinical Outcomes and Statistical Analysis
The primary outcome was the composite of all-cause mortality, acute MI, stroke, and unplanned coronary revascularization at 30 days. Secondary outcomes at 30 days included individual components of the primary outcome and also cardiovascular death, stent thrombosis, and target vessel revascularization. The treatment effect of loading doses of 80 mg of atorvastatin vs placebo was assessed using Cox regression model adjusted for key baseline characteristics and expressed by hazard ratios (HR) and 95% confidence intervals. All analyses considered a 2-tailed P value of .05 as statistically significant. A detailed description of the statistical analysis is provided in the eAppendix of Supplement 1.
Results
Patients
Of the 4191 patients included in the main trial, there were 2710 patients (64.7%) who underwent PCI. The number of patients lost to follow-up at 30 days was 24 (0.6%) overall and 11 (0.4%) in the PCI population. Baseline and procedural characteristics of patients with PCI and patients without PCI are shown in the Table and eTable 1 in Supplement 1.
The median time from admission to PCI was 20 hours (interquartile range [IQR], 3-69 hours). Regarding the timing of study drug before PCI, a total of 1936 (71.4%) received the drug according to the timeframe of the protocol. The median time from admission to study drug administration was 0.67 hours (IQR, 0.05-2.56 hours), and the median time from study drug to PCI was 2.17 hours (IQR, 0.67-3.50 hours). The complete description of timing in both groups overall (atorvastatin and placebo) and according to type of ACS (STEMI and non-ST-elevation ACS [NSTE-ACS]) is detailed in eTable 2 in Supplement 1.
Primary Outcome
The treatment effect of loading atorvastatin on MACE at 30 days was different between the PCI (adjusted hazard ratio [HR], 0.72; 95% CI, 0.54-0.97; P = .03) and non-PCI groups (HR, 1.44; 95%
Key Points
Question Does the timing of a loading dose of atorvastatin before percutaneous coronary intervention (PCI) affect 30-day major adverse cardiovascular events in patients presenting with acute coronary syndrome?
Findings In this secondary analysis of a randomized clinical trial, the rate of 30-day major adverse cardiovascular events was 6.0% among patients who received loading doses of atorvastatin and 8.2% among patients who received placebo. This effect was more pronounced in patients with ST-elevation myocardial infarction and consistent, irrespective of the timing of loading dose atorvastatin before PCI.
Meaning Loading doses of atorvastatin in patients with acute coronary syndrome undergoing PCI were not associated with any adverse effects and were associated with lower rates of major adverse cardiovascular events at 30 days, most clearly in patients with ST-elevation myocardial infarction.
CI, 0.92-2.24; P = .11; P = .01 for interaction). The treatment effect of loading atorvastatin was more pronounced in patients with STEMI than in patients with NSTE-ACS (adjusted HR, 0.59; 95% CI, 0.38-0.92; P = .02; HR, 0.85; 95% CI, 0.58-1.27; P =.43, respectively; P = .22 for interaction) (Figure 1) .
The clinical benefit in the PCI group of patients was consistent, regardless of timing of use of study drug (Figure 1 ). The treatment effect of loading atorvastatin was more pronounced in patients with STEMI, including within 2 hours before PCI.
The association of the loading doses in the PCI population was also consistent according to previous use of statin or not ( Figure 2 ). In patients undergoing coronary artery bypass grafting (n = 333) and medical management (n = 1144), there was no treatment effect of loading atorvastatin vs placebo (eTable 3 in Supplement 1).
Secondary Outcomes
For each of the secondary outcomes in the overall PCI population, there were numerically fewer events in the atorvastatin arm than in the placebo group, with a nominally significant reduction in MI at 30 days (HR, 0.68; 95% CI, 0.47-0.99; P = .04). The detailed description of secondary outcomes in the PCI group according to type of ACS is shown in eTables 4 and5inSupplement 1.
Discussion
In this secondary analysis of a randomized clinical trial, we found that compared with placebo, loading doses of atorvastatin in patients with ACS undergoing PCI were associated with an These results are aligned with our findings where patients with STEMI had the greatest treatment effect when loading atorvastatin was administrated before PCI, including within 2 hours of presentation. The evaluation of the association according to timing is critical because only a few medications are routinely used before primary PCI. Our findings in a large cohort of patients with ACS undergoing PCI may influence clinical practice, especially in regards to upfront medications for patients with STEMI. We found that a loading dose of atorvastatin before PCI was associated with a reduction in important major cardiovascular outcomes, even if given within 2 hours before PCI. The mechanism behind this finding is not clear, although unlikely owing to low-density lipoprotein cholesterol level reduction. Mechanistic studies suggest that statins also possess effects beyond lipid lowering (pleotropic effects) that could act at the short term.
12-14 This potential effect would be particularly more important in patients with more intense activation of inflammation and thrombotic processes as identified in our results, where the most pronounced effect occurred in patients presenting with STEMI. Finally, the use of high-dose statin is recommended for patients with ACS, according to current evidence-based 
Limitations
An important limitation in the analysis of the PCI population is associated with the fact that it was an analysis of a postbaseline subgroup of patients. Factors, such as immortal time (or survivor) bias, cannot be completely excluded when analyzing subgroups that are defined based on postbaseline characteristics. Nevertheless, this analysis was prespecified, 8 and the findings were consistent with other studies designed to primarily assess the PCI population.
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Conclusions
In patients with ACS undergoing percutaneous coronary intervention, periprocedural loading doses of atorvastatin were associated with a reduced rate of MACE at 30 days, most clearly in patients with STEMI. This beneficial effect seemed to be preserved and consistent, irrespective of the timing of atorvastatin administration, including within 2 hours before PCI. Considering the safety of statins, treating patients with ACS, in particular with STEMI, with loading doses of statin as early as possible before PCI is a reasonable approach that may improve short-term clinical outcomes. 
eAppendix -Statistical Analysis
Continuous variables are reported as mean and standard deviation (SD), or medians and interquartile ranges as appropriate. Categorical variables are summarized as frequencies.
Times to events are presented using Kaplan-Meier survival curves.
Both primary and secondary outcomes were analyzed according to percutaneous coronary intervention (PCI) and type of acute coronary syndrome (ACS). Analyses according to the type of ACS and to the timing of study drug administration before PCI were analyzed by interaction parameter testing in the unadjusted Cox regression.
All analyses considered a two-tailed alpha of 5% as statistically significant and were performed using R software, version 3.3.3. (R Foundation for Statistical Computing). 
